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FIXA.TION OF NUCIjEQTIDE DERIVATIVES TO SOLID CARRTFIR 

FIELD "of " TfM^ INVENTION 

This invention relates to a solid carrier to which 
nucleotide derivatives (e.g., oligonucleotides, poly-, 
nucleotides, and peptide -nucleotides) are attached, which 
is generally named DNA chip and which is favorably em- 
ployable for detecting, with high sensitivity, conple- 
mentary nucleic acid fragments. 

BACKGROUND OF THE INVENTION 

Detection of a nucleic acid fragment is generally 
performed using a probe DNA. which is cortplementary to the 
nucleic acid fragment to be detected, by way of hybrid- 
ization. The probe DNA is generally fixed to a solid 
carrier (e.g., solid siibstrate) to produce a DNA chip. 
In the detection, a nucleic acid fragment in a sample 
liquid is labelled with a fluorescent label or a radio- 
isotope label, and then the sample liquid is brought into 
contact with the probe DNA of the DNA chip. If the la- 
belled nucleic acid fragment in the sample liquid is com- 
plementary to the probe DNA, the labelled nucleic acid 
fragment is combined with the probe DNA by hybridization. 
The labelled nucleic acid fragment fixed to the DNA chip 
by hybridization with the probe DNA is then detected by 
an appropriate detection method such as f luorometry or 
autoradiography. The DNA chip is widely employed in the 
gene technology, for instance, for detecting a conple- 
mentary nucleic acid fragment and sequencing a nucleic 
acid. 

The DNA chip is described, for instance, in Fodor 
S.P.A., Science, 251, 767(1991) and Schena M. , Science, 
270, 467(1995) . The DNA chip is understood to efficient- 
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ly detect a small amount of conplementary nucleic acid 
fragments in a small amount of a sample liquid. 

Detection of nucleic acid fragment using an electro- 
chemical label is also known (Japanese Patent Provisional 
5 Publication No. 9-288080, and a preprint of the 57th 
Analytical Chemistiry Conference pp. 137-138 (1996)), 

The electrochemical label such as N-hydroxysuccin- 
imide ester of ferrocenecarboxylic acid is attached to a 
probe DNA. The probe DNA is fixed onto an electroconduc- 

10 tive substrate having an output terminal. In the detec- 
tion procedure, a sample liquid containing target nucleic 
acid fragments is brought into contact with the probe DNA 
having the ferrocene derivative label in the presence of 
an electrochemically active thread intercalator , The 

15 target nucleic acid fragment, if it is complementary to 
the probe DNA, is hybridized with the probe DNA. Into 
the foormed hybrid structure, the electrochemically active 
thread intercalator is intercalated. Thereafter, a po- 
tential is applied to the elec t reconduct ive siibstrate to 

20 measure an electric current flowing through the ferrocene 
derivative label and the thread intercalator, 

P.E. Nielsen et al.. Science, 254, 1497-1500(1991) 
and P.E. Nielsen et al.. Biochemistry, 36, pp. 5072-5077 
(1997) describe PNA (Peptide Nucleic Acid or Polyamide 

25 Nucleic Acid) which has no negative charge and functions 
in the same manner as DNA does. PNA has a polyamide 
skeleton of N- (2 -aminoethyl) glycine units and has neither 
glucose xmits nor phosphate groups. 

Since PNA is electrically neutral and is not charged 

30 in the absence of an electrolytic salt, PNA is able to 
hybridize with a complementary nucleic acid fragment to 
form a hybrid which is more stable than the hybrid struc- 
ture given by a DNA prove and its complementary nucleic 
acid fragment (Preprint of the 74th Spring Conference of 

35 Japan Chemical Society, pp. 1287, reported by Naomi Sugimoto) , 

Japanese Patent Provisional Publication No, 11-332595 
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describes a PNA probe fixed on a solid carrier at its one 
end and a detection method utilizing the PNA probe. The 
PNA probe is fixed onto the solid carrier by the avidin- 
biotin method. 

5 The aforementioned P.E. Nielsen et al.. Science, 

254, 1497-1500(1991) also describes a PNA probe labelled 
with an isotope element and a detection method of a com- 
plementary nucleic acid fragment. 

Since the PNA probe shows no electric repulsion to a 

10 target nucleic acid fragment in a sample liquid, an im- 
proved high detection sensitivity is expected. 

At present, two methods are known for preparing a 
DNA chip having a solid carrier and oligonucleotide or 
polynucleotide fixed onto the carrier. One preparation 

15 method comprises preparing oligonucleotide or polynucleo- 
tide step by step on the carrier. This method is named 
"on-chip method" . A typical on-chip method is described 
in Foder, S.P.A,, Science, 251, page 767 (1991). 

Another preparation method comprises fixing a sepa- 

20 rately prepared oligonucleotide or polynucleotide onto a 
solid cairrier. Various methods are known for various 
oligonucleotides and polynucleotides. 

In the case that the complementary derivative (which 
is synthesized using mRNA as mold) or a PGR product 

25 (which is a DNA fragment prepared by multiplying cDNA by 
PGR method) , an aqueous solution of the prepared DNA 
fragment is spotted onto a solid carrier having a poly- 
cat ionic coat in a DNA chip -preparing device to attach 
the DNA fragment to the carrier via electrostatic bond- 

30 ing, and then blocking a free surface of the polycat ionic 
coat . 

In the case that the oligonucleotide is synthetical- 
ly prepared and has a functional group, an aqueous solu- 
tion of the synthetic oligonucleotide is spotted onto an 
35 activated solid carrier to produce covalent bonding be- 
tween the oligonucleotide and the carrier surface. See 



-4- 

Lamture, J.B., et al., Nucl. Acids Res., 22/ 2121-2125, 
1994, and Guo, Z., et al., Nucl, Acids Res., 22, 5456- 
5465, 1994. Generally, the oligonucleotide is covalently 
bonded to the surface activated carrier via a spacer or a 
5 cross -linker. 

Also known is a process comprising the steps of 
aligning small polyacrylamide gels on a glass plate and 
fixing synthethic oligonucleotides onto the glass plate 
by making a covalent bond between the polyacrylamide and 

10 the oligonucleotide (Yershov, G. , et al., Proc. Natl. 
Acad. Sci. USA, 94, 4913(1996)). Sosnowski, R.G. , et 
al., Proc. Natl, Acad. Sci, USA, 94, 1119-1123 (1997) 
discloses a process comprising the steps of an array of 
microelectrodes on a silica chip, forming on the micro- 

15 electrode a streptoavidin-comprising agarose layer, and 
attaching biotin-modif ied DNA fragment to the agarose 
layer by positively charging the agarose layer. Schena, 
M., et al,, Proc. Natl. Acadl Sci, USA, 93, 10614-10619 
(1996) teaches a process comprising the steps of prepar- 

20 ing a suspension of an amino group -modified PGR product 

in SSC (i.e., standard sodium chloride -citric acid buffer 
solution) , spotting the suspension onto a slide glass, 
incubating the spotted glass slide, treating the incubat- 
ed slide glass with sodium borohydride, and heating thus 

25 treated slide glass . 

As is explained above, most of the known methods of 
fixing a separately prepared DNA fragment onto a solid 
carrier utilize an electrostatic bonding or a covalent 
bonding such as described above. 

30 In any DNA chip having a separately prepared DNA 

fragment on its solid carrier, the DNA fragment should be 
firmly fixed onto the carrier, so as to perform smoothly 
hybridization between the fixed DNA fragment and a target 
DNA fragment complement airy to the fixed DNA fragment. 

35 

SUMMARY OF THE INVENTION 
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It is an object of the present invention to provide 
an improved method for preparing a nucleic acid fragment- 
detecting means by fixing separately produced nucleotide 
5 derivatives to a solid carrier by covalent bonding. 

The present invention resides in a method for fixing 
a plurality of nucleotide derivatives to a solid carrier 
which comprises bringing nucleotide derivatives having a 
reactive group at each one terminal into contact with a 
10 solid carrier having thereon reactive groups in an aque- 
ous phase in the presence of a transferase which is capa- 
ble of producing a covalent bond by rearrangement of the 
reactive group of the nucleotide derivative and the reac- 
tive group of the solid carrier, 

15 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 schematically illustrates representative two 
nucleotide derivative -fixing methods according to the in- 
20 vent ion. 

Fig. 2 schematically illustrates an oligonucleotide- 
fixing method performed in Exanple 1. 

DKTATT.Fi p DESCRIPTION OF TE-ffi INVENTION 

25 

[Mechanism of Fixation of Nucleotide derivatives] 

In Fig. 1, two typical mechanisms for fixing a nu- 
cleotide derivative (typically, oligonucleotide) to a 
solid carrier according to the invention are schematical- 
30 ly illustrated. 

In Fig. 1, -NNNN. . .NN- is an oligonucleotide moiety, 
L is a linking group, and Z is a covalent bonding site. 

According to the mechanism (1) , an oligonucleotide 
having a reactive group Y (doner) at one terminal is 
35 brought into contact with a solid carrier 1 having a 

reactive group X (acceptor) thereon, namely, (Al) , in the 
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presence of a transferase (TF) capable of transferring 
the doner Y, whereby producing a covalent bond between 
the doner Y and the acceptor X. Thus, the oligonucleo- 
tide is fixed to the solid carrier (B) . 
5 According to the mechanism (2) , an oligonucleotide 

having a reactive group Y (acceptor) at one terminal is 
brought into contact with a solid carrier 1 having a 
reactive group X (donor) thereon, namely, (A2) , in the 
presence of a transferase (TF) capable of transferring 
10 the doner X, whereby producing a covalent bond between 
the doner X and the acceptor Y. Thus, the oligonucleo- 
tide is fixed to the solid carrier (B) . 

[Solid Carrier] 

15 The solid carrier can be any of known solid carriers 

or their equivalent materials, for instance, a glass 
plate, a resin plate, a metal plate, a glass plate cov- 
ered with polymer coat, a glass plate covered with metal 
coat, and a resin plate covered with metal coat. The 

20 metal plate or metal-coated plate is generally employed 
for conducting the electrochemical analysis. 

The solid carrier should have a plurality of reac- 
tive groups such as the donors or acceptors X of Fig, 1, 
on its surface. 

25 The reactive group, particularly, a doner group 

preferably is amino, aldehyde, epoxy, or carboxyl. Par- 
ticularly preferred is an amino group. The amino group 
can be placed on the carrier by processing the carrier 
with a si lane -coupling agent or coating an amine group - 

30 containing polymer (poly-cation) such as poly-L- lysine, 
polyethyleneimine, or polyalkylamine . When the silane- 
coupling agent is employed, the silane-coupling agent is 
fixed to the carrier via covalent -bonding. When the 
amine group -containing polymer is employed, the polymer 

35 is fixed to the carrier by electrostatic bonding. 

Naturally, the covalent -bonding is preferred from the 
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10 


30 


viewpoint of stable and reliable fixation. 

Exartples of the s i lane - coupl ing agents include y- 
aminopropyltriethoxysilane , N- p (aminoethyl ) -y -aminopro- 
pyltrimethoxysilane, and N-p (aminoethyl) -y -aminopropyl- 
methyldimethoxysilane. Most preferred is y-aminopropyl- 
tr iethoxys i lane . 

A combination of processing a solid carrier with a 
silane-coupling agent in combination with coating with a 
poly-cation is also employable. 


[Nucleotide Derivative] 

•The nucleotide derivatives to be fixed to the solid 
carrier can be oligonucleotides, polynucleotides, or 
peptide-nucleotides. The nucleotide derivatives may be 
15 DMA fragments. The nucleotide derivative may be polynu- 
cleotide such as cDNA, a portion of cDNA., or EST. The 
polynucleotide is favorably enployed for studying gene 
es^ression. Otherwise, nucleotide derivatives to be 
fixed onto the solid carrier may be oligonucleotides, 
20 which are favorably employed for studying variations and 
polymorphism of gene. The oligonucleotide to be fixed 
onto the solid carrier preferably is one of 3 to 50 mers, 
more preferably 10 to 25 mers. 

The nucleotide derivative to be employed in the 
25 invention should have at its one terminal a reactive 

group which works as a donor group or an acceptor group 
in the course of rearrangement reaction (or transferring 
reaction) in the presence of a transferase. If the reac- 
tive group is a doner group, it preferably is amino, 
carboxyl, acyl, or carbamoyl. Most preferred is an amino 
group . 

The reactive group can be attached to the nucleotide 
derivative via a linking group. The linking group pref- 
erably is an alkylene group or an N-alkylamino-alkylene 
35 group. Preferred are a hexylene group and an N-methyl- 
amino-hexylene group. 
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[Transferase: TF] 

Transferase preferably is an enzyme which catalyzes 
transfer of a group having one carbon atom. Examples of 
these transferases include carboxyl transferase and^ 
carbamoyl transferase. Also preferred is a transferase 
which catalyzes transfer of an acyl group, such as 
aminoacyl transferase which may be amide transferase. 

Carboxyl transferase can be a conventionally em- 
ployed peptide synthesizing enzyme. Preferably employed 
is a cross -linking enzyme which is produced by crystalli- 
zation of Thermolysin originating from Bacillus thermo- 
proteolyticus or Bacillus licheniformis . 

Carbamoyl transferase preferably is ornithine trans- 
ferase. 

Aminoacyl transferase catalyzes transfer (or reac- 
tion or rearrangement) between amino of -CONH2 placed at 
Y -position of glutamine or P -position of asparagine and 
an amine of other compoimd , 

The reaction can be illustrated as follows: 

(Nucleotide derivative) -L^-C0NH2 + H2N-I?- (Carrier) 

- (Nucleotide derivative) -L^-CONH-L^- (Carrier) + NH3 


25 


In the above -illustrated formulas, each of 1? and U 
stands for a linking group. 


30 


35 


Examples of the aminoacyl transferases include 
transglutaminase (i.e., D-glutamyl transferase, GT) and 
aspartyl transferase. D-glutamyl transferase can be pro- 
duced from animals, plants, or microorganisms. For in- 
stance, D-glutamyl transferase (GT) can be obtained from 
extracts taken from organs of mammals (preferably liver 
of marmot) [Connellan, et al.. Journal of Biological Chem- 
istry, 246, 4, 1093-1098, blood of mammals (Folk, etal.. 
Advances in Protein Chemistry, 311-313 (1977) , or fascia 
of Halocyn thia roretzi (Japanese Patent Provisional 
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Publication No. 6-30770) . GT also can be obtained from 
plants such as pea (obtained at cleaved site of shoot 
apex) after purification. Gt can be also obtained from 
microorganisms such as Bacillus s"ubtilis after purifica- 
5 tion. Aspartyl transferase can be preferably obtained 
from Mycobacterium tuberculosis after purification. 

If transglutaminase (GT) is employed as the trans- 
ferase, Y of Figure 1- (1) is a glutamine residue (i.e., 
glutamyl) , and the amino of y-^i^ide group of the gluta- 
10 mine residue is transferred. 

[Procedure of Fixation} 

The nucleotide derivatives to be fixed on the solid 
carrier are dissolved or dispersed in an aqueous solu- 

15 tion. Generally, the aqueous solution is once placed on 
a plastic plate having 96 or 384 wells, and then spotted 
onto a solid canrier using a spotting means. 

In order to keep the spotted aqueous solution from 
evaporating, it is preferred to add a high boiling-point 

20 compound to the ac[ueous solution containing nucleotide 
derivatives. The high boiling-point compound should be 
soliible in an aqueous medium, should not disturb hybrid- 
ization procedure, and preferably has an appropriate 
viscosity. Examples of the high boiling-point compounds 

25. include glycerol, ethylene glycol, dimethyl sulfoxide, and 
a hydrophilic polymer having a low molecular weight (typ- 
ically, in the range of 10^ to 10^) such as polyaciryl- 
amide, polyethylene glycol, or poly (sodium acrylate) . 
The high boiling-point compound preferably is glycerol or 

30 ethylene glycol. The high boiling-point compound is 

preferably incorporated into an aqueous nucleotide de- 
rivative solution in an amount of 0.1 to 2 vol.%, partic- 
ularly 0.5 to 1 vol.%. Otherwise, the spotted aqueous 
solution is preferably kept at under the conditions of a 

35 high humidity (such as 90%RH or more) and an ordinary 
temperatinre (25 to 50*^0 . 


-10- 


The aqueous solution is spotted onto the solid car- 
rier under the condition that each drop of the solution 
generally has a volume of 100 pL to 1 fxL, preferably 1 to 
100 nL. The nucleotide derivatives preferably spotted 
5 onto the solid carrier are in an amount of 10^ to 10^/cm^. 
In terms of mol., 1 to 10"^^ moles are spotted. In terms 
of weight, several ng or less of nucleotide derivatives 
are spotted. The spotting of the aqueous solution is 
made onto the solid carrier to form several dots having 

10 almost the same shape and size. It is important to pre- 
pare these dots to have the same shape and size, if the 
hybridization is quantitatively analyzed. Several dots 
are formed separately from each other with a distance of 
1.5 mm or less, preferably 100 to 300 fxm. One dot pref- 

15 erably has a diameter of 50 to 300 /xm. 

After the aqueous solution is spotted on the solid 
carrier, the spotted solution is preferably incubated, 
namely, kept for a certain period at room temperatiore or 
under warming, so as to fix the spotted nucleotide deriv- 

20 atives onto the carrier. In the course of incubation, UV 
irradiation or surface treatment using sodium borohydride 
or a Shiff reagent may be applied. The UV irradiation 
imder heating is preferably adopted. It is assumed that 
these treatments are effective to produce additional 

25 linkage or bonding between the solid carrier and the at- 
tached oligonucleotide derivatives. The free (namely, 
unfixed) nucleotide derivatives are washed out with an 
aqueous solution. Thus washed solid carrier is then 
dried to give a nucleotide derivative -fixed solid carrier 

30 (such as DNA chip) of the invention. 

The nucleotide derivative -fixed solid carrier of the 
invention is favorably employable for monitoring of gene 
expression, sequencing of base arrangement of DNA, analy- 
sis of mutation, analysis of polymorphism, by way of hy- 

35 bridization. 
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[Sample Nucleic Acid Fragment -- Target] 

A target DNA fragment or a sample DNA fragment ^ 
which is subjected to the analysis concerning the pres- 
ence of a complementary DNA fragment can be obtained from 
various origins. In the analysis of gene, the target DNA 
fragment is prepared from a cell or tissue of eucaryote. 
In the analysis of genome, the target DNA fragment is ob- 
tained from tissues other than erythrocyte. In the anal- 
ysis of mRNA, the target sanple is obtained from tissues 
in which mRNA is expressed. If the DNA chip has an oli- 
gonucleotide fixed in its solid carrier, the target DNA 
fragment preferably has a low molecular weight. The 
target DNA may be multiplied by PGR method. 

To the target DNA fragment is attached an RI .label 
or a non-RI label by a known method. The non-RI label is 
preferably utilized. Examples of the non-RI labels in- 
clude fluorescence label, biotin label, and chemical 
luminescence label . The fluorescence label is most pref- 
erably employed. Examples of the fluorescence labels 
include cyanine dyes (e.g., Cy3 and CyS belonging to Cy 
Dye™ series) , rhodamine 6G reagent, N-acetoxy-N^-acetyl- 
aminof luorene (AAF) , and AAIF (iodide derivative of AAF) . 
The target or sample DNA fragments labelled with differ- 
ent fluorescence indicators can be simultaneously ana- 
lyzed, if the fluorescence indicators have fluorescence 
spectrum of different peaks. Also employable is an 
electroconductive level. 

[Hybr idi zat ion] 

The hybridization is performed by spotting an aque- 
ous sample solution containing a target DNA fragment onto 
a DNA chip. The spotting is generally done in an amount 
of 1 to 100 nL. The hybridization is carried out iyy 
keeping the DNA chip having the spotted sanple solution 
thereon at a temperature between room temperature and 
lO^C, for 6 to 20 hours. After the hybridization is 
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conplete, the DNA chip is washed with an aqueous buffer 
solution containing a surface active agent, to remove a 
free (unfixed) sample DNA fragment. The surface active 
agent preferably is sodium dodecylsulfonate (SDS) , The 
buffer solution may be a citrate buffer solution, a phos- 
phate .buffer solution, a borate buffer solution, Tris 
buffer solution, or Goods buffer solution. The citrate 
buffer solution is preferably employed. 

The hybridization on the DNA. chip is characteristic 
in that an extremely small amount of the sample or target 
DNA fragment is siobjected to the analysis. In order to 
perform the desired hybridization appropriately, optimum 
conditions should be determined. 

The present invention is further described by the 
following examples. 

Example 1 

[Example 1 -- Preparation of DNA chip] 

The process for preparing a DNA chip utilized in 
this exanple is illustrated in Fig. 2. In Fig. 2, a 
slide glass is indicated by number 1, and GT means D- 
glutamyl transferase. 

A slide glass (25 mm x 75 mm) was immersed in an 
ethanol solution of 2 wt.% aminopropyltriethoxysilane 
(available from Shin-etsu Chemical Industries, Co., Ltd.) 
for 10 minutes. Sxibsequently, the slide glass was taken 
out, washed with ethanol, and dried at ne'e for 10 min. 
Thus, a silane coupling agent-treated slide glass (A) was 
prepared . 

A nucleotide oligomer (3 ' -CTAGTCTGTGAAGTGTCTGATC-S ' , 
22 mers) having L-glutamylglycine at 3. '-terminal and a 
fluorescent label (FluoroLink, CyS-dCTP, available from 
Amasham Pharmacia Biotec Corp.) at 5* -terminal and D- 
glutamyl transferase (Oriental Yeast Co., Ltd., IIU) were 
dispersed in 1 fiL of an aqueous solution containing a 
triacetate buffer (300 mM, pH 6.0) at 1 x 10"". 
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The resulting aqueous dispersion was spotted onto 
the silane coupling agent-treated slide glass (A) ob- 
tained above, and this was immediately kept at 
90%RH, for one hour. Thus treated slide glass was then 
5 washed successively twice with a mixture of aqueous 0.1 
wt.% SDS (sodium dodecyl sulfate) solution and aqueous 
2xSSC solution (obtained by doiably diluting standard 
sodium chloride -citrate buffer solution (SSC) ) , once with 
the aqueous 2xSSC solution, and finally with distilled 

10 water • Thus washed glass slide was dried at room tem- 
perature, to give the desired DMA chip (B) . 

The fluorescence strength of the DNA chip (B) was 
measured using a fluorescence scanning apparatus. The 
fluorescence strength was 923. The fluorescence strength 

15 is well higher than a fluorescence strength 352 which was 
measured in a conventional DNA chip in which an oligonu- 
cleotide was fixed by electrostatic force. This means 
that the oligonucleotides are well fixed to the slide 
glass . 

20 

[Example 2 -- Detection of sample DNA fragments] 

(1) Preparation of DNA chip 

The procedures of Example 1 were repeated except for 
not attaching the fluorescent label to the 5' -terminal, 
25 to prepare a DNA chip (B') . 

(2) Detection of sample DNA fragments 

Target DNA fragments (GATCAGACACTTCACAGACrAG-5 ' , 22 
mers) which had the fluorescent label CyS-dCTP at 5 '-ter- 
minal was dispersed in 20 /xL of an aqueous hybridization 

30 solution (mixture of 4xSSC and 10 wt ,% SDS solution) was 
spotted on the DNA chip (B ' ) , The upper surface of the 
spotted solution was covered with a cover glass (for 
microscopic use) and then this was incubated in a mois- 
ture chamber at GO^'C for 20 hours. Thus treated DNA chip 

35 was washed successively with a mixture of aqueous 0.1 

wt.% SDS solution and aqueous 2xSSC solution, a mixture 
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of aqueous 0,1 wt.% SDS solution and aqueous 0.2xSSC 
solution, and an aqueous 0,2xSSC solution. Thus washed 
DNA chip was centrifuged at 600 rpm for 20 seconds and 
then dried at room temperature. 

The fluorescence strength of the DNA chip having 
been subjected to hybridization was measured using a 
fluorescence scanning apparatus. The fluorescence 
strength was 568. This means that the target DNA. frag- 
ments are well fixed to the DNA chip (B') . 


